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Highlights:
• Monolayer-iron-oxide synthesized on porous polycrystalline platinum films to serve as the metal gate in MOS devices.
• A low-temperature shift in CO oxidation characteristics for the monolayer-coated compared to non-coated polycrystalline Pt films was observed.
• An in situ characterization method for catalyst surfaces is presented based on the capacitance signal of the MOS structures.
• The MOS electrical signal, CO oxidation characteristics, and surface chemical composition remained stable for the monolayer-coated devices after 200 h of catalyst operation.
Introduction
Nowadays, catalysis in all its applications is increasingly penetrating daily-life through consumer products such as enzymatically-active cleaning agents, car exhaust catalytic converters, and various gas sensors for e.g. air quality monitoring [1, 2] . This wide and increasing range of applications has resulted in the development of a large variety of catalyst systems employing a multitude of materials designs. Tuning of catalytic properties for specific applications may, in addition to the choice of active material, be achieved through e.g. variations in nanoscale morphology [3, 4] , the use of different support/ substrate materials [5, 6] , alloying with other catalytically active materials [7, 8] and/ or by the use of promoters [9] . Generally, an almost infinite number of possibilities exist regarding the modification of catalyst materials in order to change their activity and improve their selectivity towards different reactions. Following the near-future transition from a society largely based on the utilization of fossil raw materials into one mainly relying on renewable resources, the importance of catalytic processes is expected to increase even further in e.g. clean, resource-and cost-efficient bio-based production, power generation, and waste-water recycling [1, 10] . Considering both this growing interest in the development of catalysis-based green technology products such as fuel cells [11] and photo-catalysts [12] , and the general trend for shorter time-to-market as a means to increase overall productivity, methods for rapid and parallel study/ characterization as well as high-throughput screening of a wide variety of different catalyst formulations could thus be of broad interest.
In surface science model experiments designed for the study/ understanding of catalytic properties and characteristics, single-crystalline phases of catalytic material with well-defined crystallographic orientations are commonly used in studying the effect of various catalyst modifications on the catalytic properties [13] [14] [15] [16] [17] [18] . In contrast, for almost all practical applications involving catalysis, the active material is comprised of well-dispersed clusters or grains, or possibly polycrystalline films, on a support material [19] . Such catalysts expose to the ambient a multitude of different crystallographic planes and defect sites such as kinks, corner sites, and vacancies, as well as the support material itself. Furthermore, standard surface science characterization methods are generally sophisticated, expensive, and exhibit limitations regarding catalyst operational conditions [20, 21] . Taking this into account it would also be beneficial if cheap and rapid characterization and screening could be based on methods void of such limitations whilst still providing information on in-operando catalyst surface conditions such that e.g. trends in the gas-catalyst interaction may be assessed. Probing of the catalytic properties of surfaces in-situ and under normal operating conditions, e.g. pressure and temperature, based on fast and simple characterization methods such as standard electrical measurements could therefore be of much interest and provide further assistance in the study of catalyst modifications.
Catalytic Metal/ Oxide/ Semiconductor (MOS) structures closely resemble the structure of real-world supported metal catalysts, fuel cell electrode materials, and certain types of gas sensors [22] [23] [24] [25] [26] [27] [28] In the case of gas sensor devices based on the MOS platform [23] , changes in capacitance across the MOS structure, resulting from the interaction between certain gaseous compounds and the catalytic metal film, are utilized for sensing purposes. For example, when exposing a catalytic MOS structure to hydrogen or hydrogen-containing substances, atomic hydrogen may be generated through dissociative adsorption on the catalytic metal surface. Adsorbed hydrogen atoms subsequently diffuse through the thin metal film (or in the case of a catalytic film with partial surface coverage, directly spill over to exposed patches of oxide) and adsorb on top of oxygen atoms in the surface of the oxide. The resulting hydroxide groups (OHgroups) [29] give rise to a change in polarization of the metal/ oxide interface, since the hydrogen is basically transferred as a proton with its mirror charge residing on the metal side of the interface. This interface polarization affects the metal-to-semiconductor electric field similarly to the application of an external positive bias on the MOS capacitor metal contact.
As a result, the band bending at the surface of the semiconductor is changed and thus the width (thickness) of the depletion region (space charge region) in the near-oxide part of the semiconductor modulated. In analogy to a parallel plate capacitor for which the distance between the plates is decreased, a decrease in the depletion-region width will lead to an increase (and vice versa) in capacitance (since no mobile charges are present in the depletion region which can contribute to the capacitance, the MOS capacitance is ideally determined by the oxide-and depletion region thicknesses, their corresponding permittivity, and the metal contact area). For an n-type semiconductor, a positive bias on the metal contact induces a band bending towards the internal Fermi level and therefore a decrease in depletion region width. Thus, the capacitance increases for e.g. an n-type Pt-contact MOS capacitor when subjected to hydrogen. The change in capacitance reflects the change in hydrogen concentration at the interface as well as on the outer Pt surface, the capacitance output therefore being a measure of hydrogen coverage on the surface of the active catalyst. For the case of hydrogen-sensing applications, this coverage is in turn dependent on the ambient concentration of hydrogen and/or hydrogen-containing substances [30] .
Pt is an outstanding catalyst that has been used as the metal gate for catalytic MOS sensor devices [2, [31] [32] [33] . Pt has also been used in a wide range of other applications, e.g. as active material in car exhaust catalytic converters [34, 35] , in catalysts for hydrocarbon reforming in petroleum industry [19, 36, 37] , or as electrode material in fuel cells [38] . One example of a modification by which the catalytic activity of Pt towards one or more reactions may be enhanced is the synthesis of a monolayer (ML) of metal oxide on single-crystalline Pt surfaces [13] [14] [15] [16] [17] [18] . For ML iron oxide-modified Pt(111) single-crystal surfaces, a significant low-temperature shift of the catalytic activity to carbon monoxide (CO) oxidation, as compared to non-coated (bare) Pt crystals, have been demonstrated [13, 14] . Grown on Pt(111), iron oxide forms a well-characterized FeO ML [39] [40] [41] which after exposure to mbar pressures of O2 transforms into an oxygen-rich structure, FeOx (1˂x˂2), with no corresponding bulk phase [13, 14] . Under oxygen-rich conditions, such a catalyst is highly active at low temperatures regarding CO oxidation. The reaction has been shown to proceed through the Mars-van Krevelen mechanism [14, 42] , as compared to the LangmuirHinshelwood mechanism of CO oxidation on non-coated Pt surfaces [19] . the applicability of MOS model systems in the study of catalyst aging briefly treated.
Experimental

MOS structure fabrication
The MOS capacitor structures used for materials characterization and gas exposure experiments were fabricated from 4" n-type (doping concentration ~ 3×10 18 cm increased surface roughness with partial surface coverage which leaves distributed exposed substrate areas. Scanning electron microscopy (SEM) was performed in a LEO 1550 microscope for surface imaging. The surface morphology was further studied with atomic force microscopy (AFM) using a Veeco DI Dimension 3100 scanning probe microscope, equipped with the Nanoscope IV electronics, at room temperature and in lab ambient. The measurements were performed in tapping mode using Si tips (PPP-NCHR-50 from Nanosensors) with a tip radius of curvature < 7 nm. X-ray diffraction (XRD) analysis was done using a Philips PW 1820 instrument (Cu (Kα), θ-2θ scan, aligned with the substrate (0001) peak).
Iron oxide ML synthesis
As-processed MOS substrates were introduced into an ultra-high vacuum chamber (base pressure at 1×10 -10 mbar) comprising low energy electron diffraction (LEED) optics and conventional surface science sample preparation equipment. The Pt film on the surface of the sensor was cleaned by gentle Ar sputtering at 1 kV for 60 s followed by annealing to 600 °C.
Prior to iron deposition a saturated layer of oxygen was deposited onto the Pt surface by two cycles of annealing in O2 at 1×10 -6 mbar to 600 °C followed by cooling down to room temperature under the same O2 pressure. The oxygen at the surface prevents the deposited iron from alloying with the Pt and diffusing into the Pt thin film electrode. Subsequently iron was deposited from an iron rod (Goodfellow, purity > 99.9%), mounted in an electron beam assisted evaporator (Focus EFM3, Omicron), at 10 nA beam flux for 100 s. The iron deposition rate was calibrated by both a quartz crystal microbalance and by deposition onto a Pt(111) single crystal where an ordered FeO structure is formed at one ML and was characterized by LEED [14, 39] . After the deposition of iron, the samples were annealed in O2
gas at 1×10 -6 mbar to 600 °C followed by cooling down in the same ambient.
CO oxidation characterization
The as-processed wafer samples were diced into chips of ~ 5×5 mm 2 size, each containing one MOS device, and the individual chips along with a Pt-100 temperature sensor (Heraeus Sensor-Nite GmbH) attached to a heater substrate (Heraeus Sensor-Nite GmbH, ReinhardHeraeus-Ring, Kleinostheim, Germany) by means of a high temperature, non-conducting ceramic die. The heater substrates were in turn mounted on 16-pin TO8 headers and together with the Pt-100 temperature sensors electrically connected by spot welding to two pairs of pins on the TO8 header. Electrical connections to the MOS capacitor devices were made by gold wire bonding to the pins of the TO8 header. This arrangement (see also Fig. 1(a) ) was used for all electrical and gas characterizations of the MOS devices.
For studying the effect of the ML iron oxide modification on the CO oxidation characteristics of silica supported Pt catalysts, MOS samples with and without the ML iron oxide synthesized on the surface, with all other features and processing-details being identical, were mounted in a test cell connected to a gas-feed line and exposed to 500 ppm CO in 5% O2, with N2 as the carrier gas at different temperatures ranging from 100 to 240 °C (in steps of 20 °C or less). The purity of all gases used was of 99.99% or better. The gas flow was maintained at 100 ml/min using standard mass flow controllers (Bronkhorst High-Tec B.V., Nijverheidsstraat 1A, NL-7261 AK Ruurlo, The Netherlands) while the carbon dioxide (CO2) production was monitored through a Hiden analytical HPR20 mass spectrometer connected to the gas-feed line downstream of the test cell.
In order to compare the CO oxidation properties between the iron oxide coated and the noncoated MOS samples, they were exposed to CO concentrations ranging from 100 to 900 ppm in 3, 5, and 7% of O2 in N2, with the latter as the carrier gas, with 100 ml/min of overall flowrate. The MOS capacitance output (capacitance across the MOS structure) was recorded using a Boonton 7200 capacitance meter (Boonton Electronics, Parsippany, NJ, USA). Each CO pulse was maintained for 120 s and separated by 240 s intervals without CO exposure but with the same concentration of O2. The measurements were carried out at different temperatures ranging from 145 °C to 220 °C. The long-term stability of the ML-coated samples was studied by continuously operating the MOS catalyst samples at 190 °C and exposing the structures to CO pulses from 400 ppm to 700 ppm (in steps of 100 ppm) for 120 s/120 s of exposure/ recovery in 5% O2 in N2. The long-term stability experiments were continued for 200 hours.
Photoelectron spectroscopy
Samples with and without ML iron oxide coating were investigated at the photoelectron spectroscopy (PES) branch of beamline I311 at Maxlab, Sweden. I311 is an undulator based beamline and the end station was equipped with a Scienta SES200 electron analyzer, LEED, and standard surface science preparation equipment [43] . The Fe 2p-region was measured using photon energy of 1100 eV and the O 1s-region using a photon energy of 900 eV. All spectra are normalized on the low binding energy side and their energy scales are corrected to the Fermi edge of the samples.
Results and discussion
CO oxidation characteristics
The overall MOS design applying to the ML iron oxide as well as non-coated Pt catalysts used in this study is shown in Fig. 1 (a) . Fig. 1 (b) displays a SEM image of the Pt film which acts as both active catalyst material and metal electrode in the MOS capacitors. The difference in the brightness of Pt compared to the underlying SiO2 shows the partial surface-coverage of the Pt film. Fig. 1 (c) is an AFM image of the surface morphology of Pt. The surface is, in contrast to its single-crystal counterpart, comprised of densely distributed valleys and peaks. characteristics between ML iron oxide-and non-coated Pt has earlier been found using singlecrystal Pt [14, 15] . In both the previous and current cases, this behavior corresponds to a higher low-temperature catalytic activity of ML-coated as compared to non-coated Pt for the CO oxidation process.
These findings thus point in the direction of the earlier reported low-temperature shift in CO oxidation activity being retained also for the more realistic MOS model catalyst, enabling the evaluation of its possible use for bridging the gap between single-crystal and real-worldcatalyst studies. In addition, as seen from Fig. 2 the amount of produced CO2 per unit time seems higher for the ML-coated samples compared to the non-coated ones. This observation may be indicative of an overall higher CO2 production rate for the ML iron oxide-compared to the non-coated samples which has also been reported for the case of ML iron oxide-coated single-crystal Pt [14] . To be able to make a firm statement on this, any difference in active catalyst surface area between the different samples first needs to be evaluated. This, however, is difficult with available techniques such as the Brunauer-Emmett-Teller (BET) due to a comparably small surface area of the samples, on the order of 10-20 mm 2 .
3.2 MOS model system characteristics Fig. 3 displays the output capacitance for both non-coated and ML-coated MOS capacitors.
The responses are acquired during consecutive two-minute exposures to CO in a background of O2 and N2, interposed by four-minute exposures to just O2 and N2 (maintaining a constant gas flow of 100 ml/min over the MOS structures throughout the measurement sequence). The CO concentrations of consecutive exposures ranged from 100 to 900 ppm and the measurements were conducted for different temperatures in the range of 145 to 220 °C. For each temperature, the CO exposures were repeated for different background O2
concentrations; 3, 5, and 7%. As can be seen from Fig. 3 , the capacitance generally increases upon CO exposure while recovering to its baseline value when CO is removed from the gasfeed line. In large, the results also show that the capacitance signal exhibits a switch between a "high" and a "low" response ("large" / "small" change in capacitance) when keeping the CO exposure level constant and increasing either the O2 concentration or the temperature. The former case may be exemplified by the change in response for the ML-coated MOS samples operated at 145 °C when increasing the O2 concentration from 3 to 5%, whereas the latter is exemplified by the change in response for the same MOS samples when increasing the temperature from 145 to 160 °C under constant exposure to 500 ppm CO and 5% O2 (see highlighted exposures in Fig. 3 ). Disregarding irregularities caused by memory effects and/ or the short recovery time between exposures, the one overall trend regarding MOS capacitor output valid for both ML iron oxide-and non-coated Pt catalysts is the larger CO/O2 ratio required to generate a "high" response when the temperature is increased.
In addition to the switch being more clear and distinct in the case of ML-coated as compared to non-coated Pt samples, when comparing corresponding CO and O2 concentrations, this switch is also seen to occur at lower temperatures for the ML iron oxide-modified MOS capacitors compared to the non-coated ones. The less distinct difference between what can be regarded as low and high responses for the non-coated samples at lower temperatures (at least when compared to the ML-coated ones) might be explained by the longer time needed in order to reach steady-state conditions. As an example, consider the changes in capacitance of the non-coated samples upon exposure to 100 ppm CO at 160 °C and 3 and 5% O2, respectively. At a first glance, it might be hard to judge if the response at 3% O2 should be considered "low" or "high". However, when taking into account that steady-state conditions have not been reached for the 3% case (the signal is still increasing at the end of the 100 ppm CO pulse), whereas such conditions prevail for the 5% case (i.e. the signal remains at a constant magnitude during the latter part of the CO exposure), it seems clear that the response (the output capacitance signal) at 3% O2 could be considered as "high". Only above 200 °C does the response of the non-coated MOS samples reach true steady-state conditions soon after being exposed to CO. For the ML-coated samples, however, the signals reach steadystate conditions more readily also at lower temperatures. The faster attainment of steady-state conditions for the ML-coated MOS capacitors as compared to the non-coated ones below 200
°C could also be a further indication of the higher catalytic activity discussed in relation to the results presented in Fig. 2 . Additionally, both the attainment of steady-state and the initial rates of change in MOS capacitance signal are generally dependent on reaction conditions. Generally speaking, the higher the reaction temperature, the higher the initial rate of capacitance change and the faster attainment of steady-state conditions. Furthermore, in addition to the much smaller change in capacitance observed at the higher CO:O2 ratios, the recorded data also seem to suggest that the time to reach steady-state conditions are shorter for the lower CO:O2 ratios.
The results for the non-coated samples are in accordance with earlier findings and can briefly be explained as follows: in an oxygen-containing atmosphere and in the absence of CO, the active catalytic surface of the non-coated Pt film is assumed to be basically covered by oxygen atoms, depending on the ambient temperature accompanied by the transfer of more or less of negative charge from Pt to the chemisorbed oxygen. The higher the temperature the more charge transferred to the adsorbed oxygen species. Adsorbed oxygen anions may also spill over between the Pt metal and oxide support surfaces. In the presence of CO molecules and at an appropriate temperature [44, 45] , CO adsorbing on the Pt surface is oxidized to CO2
by surface-adsorbed oxygen. The consumption of previously adsorbed oxygen atoms/ ions on the active area leaves free adsorption sites which can be occupied by either CO molecules or other oxygen atoms/ ions. The lower the temperature and the higher the CO/O2 ratio of the ambient atmosphere, the more likely it is that a CO molecule, rather than an oxygen atom, will be adsorbed on the metal surface and occupy a free adsorption site. For constant CO and O2 concentrations, the Pt surface will thus revert to being almost depleted of oxygen when decreasing the temperature below the one for which the probability is higher that CO molecules rather than oxygen will occupy free adsorption sites. The CO oxidation reaction has become self-poisoned and the CO2 production rate significantly decreased.
Reduced coverage of adsorbed oxygen anions on the oxide surface, following the reduction in spill-over of oxygen from Pt to the oxide surface, leads, in itself, to a change in the catalytic metal-to-semiconductor substrate electric field and therefore directly contributes to the observed change in capacitance upon CO exposure for both kinds of samples [22] .
Additionally, for an oxygen-depleted outer Pt surface, the rate of oxidation of adsorbed hydrogen (originating from the natural occurrence of a low level of hydrogen and water existing in any gas mixture) and its subsequent desorption (in the form of water) is reduced. A larger number of hydrogen atoms may thus diffuse through the Pt film or spill over from the Pt to the oxide and adsorb to form OH groups on the oxide surface. As discussed in the introduction part, this also contributes to the modulation of the metal-to-semiconductor electric field and thus the capacitance across the MOS device [27, 45] .
The difference in electrical output characteristics between the two different kinds of samples might be explained according to the mechanism discussed above, taking into account the lowtemperature shift in CO oxidation activity observed for the ML iron oxide-as compared to the non-coated polycrystalline Pt catalyst (see Fig. 2 ). As concluded from Fig. 3 and already briefly noted above, the switch between a high and a low response of the MOS capacitors upon exposure to one particular combination of CO and O2 concentrations occurs at a lower temperature for the ML iron oxide-coated MOS samples than for the non-coated ones. This pattern applies generally, irrespective of the CO/O2 combination studied. Moreover, when comparing the results obtained for ML-and non-coated MOS capacitor samples, the average down-shift of temperature at which the switching occurs is approximately 40-50 °C, which corresponds well with the low-temperature shift in CO oxidation characteristics found for ML-iron oxide modified compared to non-coated Pt catalysts.
Furthermore, from Fig. 3 it can be seen that the ML-coated samples exhibit no visible change in capacitance upon exposure to any CO concentration at temperatures above 200 °C. In contrast, at least small responses may be noticed for all CO exposures and at all temperatures in the case of non-coated Pt catalyst samples. This latter observation is also in accordance with findings from earlier studies, for which small changes in capacitance upon exposure to CO in the range of 100 -900 ppm have been measured even up to 400 °C [44] . Assuming for the moment that the generally higher catalytic activity of the ML iron oxide-as compared to non-coated Pt discussed in relation to the results displayed in Fig. 2 would be valid, this difference could find its explanation in the more efficient Mars-van Krevelen CO oxidation mechanism of the ML-coated as compared to the non-coated Pt catalyst, especially at higher temperatures. For the assumed Mars-van Krevelen mechanism, the adsorbing CO reacts with the iron oxide bound (the crystal bound) oxygen in forming CO2, which subsequently desorbs from the surface. So created oxygen vacancies are re-occupied mainly through dissociative adsorption of molecular oxygen from the gas-phase [14] . The high catalytic activity of ML iron oxide-coated as compared to non-coated samples generally reduces the residence time,
and thereby the coverage of CO molecules on the surface (considering the same CO concentrations for both kinds of samples). Furthermore, with the CO oxidation mainly taking place through reduction of the iron oxide and the created oxygen vacancies basically being reoccupied through the interaction with gas-phase oxygen, the processes of spill-over and reverse spill-over may in this case be non-existent or negligible. As a consequence, the absence of or at least an almost constant coverage of oxygen anions on the oxide surface might thereby be maintained even upon addition of CO, within certain limits, to the gas-feed.
Furthermore, it has previously been suggested that hydrogen from the ambient do not form any hydroxyl groups on the oxygen-rich surface of ML iron oxide-coated Pt structures [14] .
The rapid oxidation and removal of adsorbed hydrogen atoms is, on the other hand, a reaction which for non-coated Pt-based catalysts becomes more efficient at temperatures above 200 °C. As a result, any possible changes in the oxygen anion coverage and hydrogen adsorption at the Pt/SiO2 interface can be regarded as negligible and as such consistent with the observed lack of even small changes in MOS capacitance upon CO exposure at temperatures above 200 °C for the ML iron oxide coated capacitors. Conversely, the somewhat lower CO oxidation activity, and thus less efficient removal of CO from the surface, leaves a slightly higher surface CO coverage for the non-coated MOS catalysts as compared to the ML-coated ones.
Thus, the supported non-coated MOS samples may exhibit a small but significant reduction in coverage of adsorbed oxygen atoms and anions upon CO exposure. Together with a possible slight reduction in hydrogen consumption (as a result of the small decrease in surface oxygen coverage) and corresponding increase of adsorbed hydrogen at the Pt/SiO2 interface, this could result in a detectable change of the MOS capacitance. If assumed correct, the absence of hydroxyl group formation on the ML iron oxide coated Pt samples could also provide one explanation to the generally observed smaller changes in MOS capacitance for the ML compared to the non-coated samples.
There are thus strong indications of a correlation between the CO oxidation reaction conditions on the surface of the active catalyst material(s) and the MOS capacitance signal. Of particular importance for the development of fuel cell electrode and sensors, both of which may be regarded as almost 2D structures, the MOS model system also relaxes demands on large surface area samples and on very sensitive and/ or expensive surface analysis equipment. In using the MOS model structures additional information regarding the conditions on the surface or at certain interfaces of the catalyst materials may also be provided, e.g. the presence of hydrogen at the active phase of the catalyst, which might otherwise be complicated to obtain. Furthermore, this model system resembles a real catalyst and can be used under realistic conditions, such as elevated temperatures and high pressures.
With the possibility for multiplexing of electrical signals many small-sized MOS samples of the same or different catalyst materials can also be investigated under different conditions simultaneously, increasing the throughput and shortening screening times, using inexpensive equipment.
The confirmed low-temperature shift of the CO oxidation and CO response characteristics of realistic, practically usable ML iron oxide coated supported polycrystalline Pt films may also offer new possibilities for modification of Pt-based catalysts and sensors. These could include the possibility to tune e.g. the practical operation temperature (lower temperature for low power consumption), conversion efficiency, turnover number, and selectivity of both catalysts and sensors as well as the response time, sensitivity and/or dynamic range of gas sensors. For example, the higher catalytic activity towards CO oxidation of the ML-coated samples compared to the non-coated ones provides a route towards fabrication of a gas sensor with the ability to monitor one or more other substances without CO cross-sensitivity issues at temperatures from 220 °C, even for fairly large CO concentrations. One practical application for which this would be of interest is found in the monitoring of ammonia slip from power plants employing selective reduction of flue gas nitrogen oxides through the addition of ammonia to the CO containing flue gas [30] .
It should finally be emphasized that in order to exclude any possible effect of pretreatment steps prior to iron deposition on the characteristics of the ML-coated MOS samples, all synthesis steps for the growth of iron oxide were carried out also for non-coated MOS samples, excluding the evaporation of iron. Following the processing, all gas exposures were carried out in exactly the same manner and with the same pre-treatments as detailed in the methods section. The obtained experimental results have not revealed any significant difference in characteristics between the non-coated Pt MOS samples which have gone through the iron oxide pre-and post-treatments and ordinary non-coated Pt sensors [25] .
These results rule out any significant contribution from pre-or post-treatment steps of the iron oxide synthesis process on the characteristics of the ML-iron-oxide-coated samples as compared to non-coated ones.
Long-term stability
The stability of the ML iron oxide coated Pt catalyst has also been studied over The results of the long-term stability measurements indicate that the above-reported CO oxidation characteristics are repeatable over time and that no changes, neither with respect to signal output characteristics nor to elemental composition or chemical binding, have occurred over the course of the experiments. Furthermore, the long-term stability measurements indicate that ML-iron-oxide modification could be feasible also for the case of real-world supported catalysts as well as for sensor devices. Both these applications require stability over prolonged periods of time.
Conclusions
In comparing the CO oxidation characteristics of a ML iron oxide coated (on average) to that of a non-coated supported polycrystalline Pt catalyst, the existence of a similar lowtemperature shift in CO oxidation activity has been confirmed, as previously reported for ML iron oxide modified single-crystalline Pt. The ML-coated Pt has also been shown to exhibit stable characteristics over more than 200 hours of operation, both in respect of chemical composition and its interaction with CO. In addition to the practical use of ML metal oxide modified Pt catalysts in real applications such as low-temperature CO oxidation catalysis and CO sensors, this is also promising for the use of MOS model systems for bridging the gap between single-crystal and real-world catalysts.
Furthermore, in fabricating both the ML-and the non-coated Pt catalysts as MOS capacitor structures, the output capacitance could be compared to the CO oxidation characteristics of both catalysts when subjected to different CO and O2 concentrations at different temperatures.
The results strongly indicate a correlation between the momentary surface conditions during exposure to different CO and O2 mixtures and the electrical output from the MOS-capacitorbased model catalyst system. This correlation is present for both ML iron oxide-coated and non-coated Pt MOS samples and, if proven general in nature, opens possibilities to follow the state of the CO oxidation and possibly any other reaction electronically, without the need to explicitly monitor the actual surface coverage of e.g. CO or the CO2 production. Additionally, some results from the measurements indicate an overall higher catalytic activity (in terms of catalytic turnover), resulting in higher CO2 production per unit of time from the ML iron oxide coated sample as compared to the non-coated Pt catalyst, similar to what has been reported based on ML iron oxide-coated single-crystal Pt. Furthermore, the obtained results may also indicate a relation between a higher catalytic activity and the rate of change in capacitance output. This could prove useful for future work on studying and understanding catalyst materials and combinations of materials. Overall, these MOS characteristics might offer new possibilities for screening the performance of various catalyst materials, fuel cell electrodes and/or gas sensors, for example in terms of activity, conversion efficiency, selectivity, response time, sensitivity, and dynamic range. 
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